JP-UM-A-2-72343 



(19) Japanese Patent Office (JP) 

(11) Publication of unexamined utility model application 

H02-72343 

(12) Published Utility Model Application (U) 

(43) Publication before examination June 1, 1990 



(51) Int. Cl^ Identification No. JPO Reference NO. 

F 02 D 45/00 360 D 8109-3G 

41/22 330 L 7825-3G 

380 L 7825-3G 

45/00 360 B 8109-3G 

G 01 K 7/00 301 Z 7429-2F 

Request for substantive examination Not requested 

Number of claims 1 



(54) Name of invention Sensing Device for Temperature of Cooling 

Water in Internal Combustion Engine 

(21) Utility model application S63-149019 

(22) Application November 17, 1988 
(72) Inventor Naomi Tomizawa 

1671-1, Kasukawa-cho, Isezaki City, Gunma 
Prefecture C/o Nihon Denshi Kiki K.K. 

(71) Applicant Nihon Denshi Kiki K . K . 1671-1, Kasukawa-cho, 

Isezaki City, Gunma Pref . 

(74) Attorney Patent attorney Fujio Sasashima 



3EST AVAILABLE COPY 



"HIS PAGE BLANK (uspt- 



Specification 

1. Title 

Sensing Device for Temperature of Cooling Water in Internal Con±)ustion 
Engine 

2 . Claim 

In a sensing device for temperature of cooling water in internal 
combustion engine that provides a water temperature sensor in an engine 
coolant channel and that senses water temperature based on output voltage 
thereof, the sensing device for temperature of cooling water in internal 
combustion engine comprising: 

means of detecting abnormal water temperature sensor that compares 
output voltage of the water temperature sensor with predetermined upper 
and lower limits, and detects abnormality when the output voltage is 
out of the predetermined limits; 

means of clocking a duration of rotation of the engine from its startup, 
when abnormality of the water temperature sensor is detected; and 
means of setting pseudolw^tertteijip^^^ increases a predetermined 

reference value by a predetermined ratio that corresponds to the duration 
of the engine rotation and sets pseudo water temperature. 

3. Detailed Description of the Invention 
<Industrial Applicability> 

The invention relates to a sensing device for cooling water temperature 
of an internal combustion engine, and more specifically, to the failsafe 
technology in case of abnormality of the water temperature sensor. 

<Description of the Related Art> 

In the prior art, in an electronically controlled fuel injector, a 
thermistor-type water temperature sensor was used to sense temperature 
of cooling water, wherein water temperature was corrected when an 
operation of fuel oil consumption was performed. Correction of water 
temperature at startup and during warm-up is quite important for 
improvement of operability. 

Therefore, in case of abnormality of a water temperature sensor, it is 
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important that abnormal condition be promptly detected and failsafe 
operation be conducted. 

To this end, conventionally, output voltage of the water temperature 
sensor was compared with predetermined upper and lower limits. For 
instance, when the voltage was out of the predetermined limits, the water 
temperature sensor considers abnormal. Then, the method of replacing 
it with predetermined fixed water temperatures was adopted (Refer to 
Kokai (Japan unexamined patent publication) No . Sho-59-107227) . 

<Problems to be resolved by the invention> 

In the conventional failsafe operation, however, not only startability 
of a cold engine worsened when temperature was replaced with fixed 
temperature, but also the engine went out of order during warm-up 
following startup. 

Hence, in view of the above-mentioned conventional problems, the 
objective of the invention , is to ensure performance in practical 
operation by making more reliable pseudo-water temperature in the case 
of abnormality of the water temperature sensor. 

<Means of Solving the Problem> 

Hence, as shown in Fig. 1, the invention provides the construction 
wherein there are provided a means of detecting abnormal water 
temperature sensor that can detect abnormality when output voltage of 
the water temperature sensor is compared with predetermined upper/ lower 
limits and found to be out of predetermined limits; a means of clocking 
that clocks a duration of rotation of an engine from its startup, when 
abnormality of the water temperature sensor is detected; and a means 
of setting pseudo water temperature by increasing predetermined 
reference values by a predetermined ratio that corresponds to the 
duration of the engine rotation. 

<Operation of the Invention> 

In the above construction, when the means of detecting abnormal water 
temperature sensor detects abnormal condition of the water sensor, the 
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means of clocking clocks a duration of rotation of the engine from its 
start. Usually, with the duration of rotation of the engine, water 
temperature rises. Thus, the means of setting pseudo water temperature 
sets pseudo water temperature by increasing a predetermined reference 
value by a predetermined ratio that corresponds to the duration of 
rotation of the engine. This could allow pseudo water temperature that 
almost corresponds to actual water temperature to be obtained. 

<Detailed description of the preferred erabodiments> 

In the following, one embodiment of the invention is described. 

Now with reference to Fig. 2, supply voltage Vcc is applied to a water 
temperature sensor 1 comprised of a thermistor, via resistance 2 . Then, 
terminal voltage of the thermistor based on a resistance value of the 
thermistor that varies with changing water temperatures is picked out 
via a smoothing circiait 3. The voltage Us is then A/D converted by an 
A/D converter 4 and read into a microcomputer 5 . . 

* i= '';V 

In the microcomputer 5, according to a program shown in the flow chart 
of Fig. 3, an operation is performed, water temperature is detected, 
abnormality is determined, and pseudo water temperature for failsafe 
operation is set at each predetermined time. 

In the microcomputer 5, a pulse signal in sync with rotation of the engine 
is entered from a crank angle sensor 6. 

In the following, the operation according to the flow chart of Fig. 3 
is described. 

In Step 1 (designated as SI in the figure, the same applies herein after) , 
output voltage Us of the water temperature sensor 1 is A/D converted 
and read. 

Then, in step 2 , the read output voltage Us is compared with predetermined 
upper and lower limits MAX and MIN to determine whether there is any 
abnormal condition (See Fig. 4) . If the voltage is within the 
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predetermined limits, it is considered normal. Then, proceed to step 
3 wherein water temperature Tw is derived from the output voltage Us 
and based on it, various controls are executed. 

If it is determined in step 2 that the output voltage is out of the 
predetermined limits, the water temperature sensor is considered 
abnormal . Then, proceed to step 4 onward to conduct failsafe operation. 
Therefore, the step 2 corresponds to the means of detecting abnormal 
water temperature sensor. 

In step 4, it is determined whether or not the power supply is turned 
ON. 

When the power supply is OFF, proceed to step 5 wherein an increment 
value ATw of pseudo water temperature is set to 0. 

When the power supply is ON, proceed to step 6 wherein it is determined 
if the engine is rotating depending on whether there is output of a pulse 
signal from the crank angle sensor 6, -..for instance . 

If the engine is rotating, proceed to step 7 wherein the timer TMl is 
to be counted up. Then, move to step 8 wherein it is judged whether 
a clocked value of the timer has reached a predetermined value. Only 
if it has reached, move to step 9 and clear the timer TMl. Then, in 
step 10, increase the increment value A Tw of the pseudo water 
temperature by 1. Next, proceed to step 11, add the increment value 
ATw to a reference value Two (equivalent to 0 to 20°C) , and set the pseudo 
water temperature Tw' . 

Thus, steps 4, 6, and 7 correspond to the clocking means that clocks 
a duration of engine rotation from its start, while steps 8 to 11 
correspond to the means of setting pseudo water temperature wherein 
pseudo water temperature is set by increasing a predetermined reference 
value by a predetermined ratio in accordance with the duration of the 
engine rotation. 



THIS PAGE BLANK (Uf?»^- 



In this embodiment, arrangement is made whereby a duration of engine 
rotation after the power is turned ON is to be clocked. Alternatively, 
however, the arrangement may also be made so that a duration of the engine 
rotation is measured after Start switch is turned ON -> OFF. 

In a next step 12, the pseudo temperature Tw' is compared with a 
predetermined upper limit (equivalent to 80*C) , and when it exceeds the 
upper limit, it is fixed to the pseudo water temperature Tw' in step 
13 . 

Thus, as illustrated in Fig. 5, the pseudo water temperature Tw' is kept 
at the standard value (0 to 20°C) before the engine starts rotating after 
the power supply is turned ON. Then after the engine starts, the pseudo 
water temperature Tw' rises over time, and when it reaches the upper 
limit (SO^C), it will be fixed. 

In addition, while the power is ON and rotation of the engine is stopped, 
depending on the judgment in step 6, move to step 14 and count up the 
timer TM2 . Then, proceed to step 15 wherein it is determined whether 
a clocked value of the timer TM2 has reached a predetermined value. If 
and only if it has, clear the timer TM2 in step 16 and decrease the 
increment value ATw of the pseudo water temperature in step 17. Then, 
move to step 18, add the increment value ATw to the predetermined 
reference value TW© and set the pseudo water temperature Tw' . 

In the following step 19, the pseudo water temperature Tw' is compared 
with a predetermined lower value (reference value) . When it falls below 
the lower limit, fix the pseudo water temperature Tw' to the lower limit 
in step 20. 

Thus, when the engine stops its rotation, the pseudo water temperature 
Tw' falls as the stop time elapses, and is fixed when it reaches the 
reference value (0 to 20*C) . 

As such, when the pseudo water temperature is set, it is replaced with 
the water temperature Tw in step 21, based on which various controls 
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are executed. 



<Effects of the Invention> 

As we described in the above, this invention would allow us to obtain 
pseudo water temperature that almost corresponds to actual water 
temperature, even in the case of a failure of a water temperature sensor, 
thereby ensuring practical operability, 

4 . Brief Description of the drawings 

Fig. 1 is a functional block diagram showing construction of this 
invention. 

Fig. 2 is a system view illustrating one embodiment of this invention. 
Fig. 3 is a flow chart showing what controls are to be executed. 
Fig. 4 is a view showing the range of abnormality judgment of the water 
temperature sensor . 

Fig. 5 illustrates how pseudo water temperature is set. 
1. Water Temperature Sensor 5 . . Microcomputer 

Fig. 1 

1) Water Temperature Sensor 

2) Means of Detecting Abnormal Water Temperature Sensor 

3) Duration in which Engine is Rotating 

4) Clocking Means 

5) Means of Setting Pseudo Water Temperature 
Fig. 2 

6) Microcomputer 
Fig. 3 

1) A/D convert sensor output Us 

2) Is it within the predetermined limits? 

3) Is the power turned ON? 

4) Is the engine rotating? 

5) Timer TMl counted up. 
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6/10) Predetermined time? 

7) Clear the timer TMl 

8) Tw' - Upper Limit 

9) Timer TM2 counted up 

11) Clear Timer TM2 

12) Tw' : Lower Limit 
12') Tw'*-Lower Limit 

Fig. 4 

1) Range in which Us can be taken 
Fig. 5 

2) Pseudo Water Temperature 

3) Upper Limit 

4) Reference Value 

5) Power is turned ON 

6) Engine is rotating 
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Title of the Invention 

A cooling water temperature detecting unit for internal 
combustion engine 
Claim: 

A cooling water temperature detecting unit for internal 
combustion engine including a water temperature sensor facing 
an engine cool ing water passage and detecting a water temperature 
based on an output voltage from the sensor, the detecting unit 
comprising : water- temperature- sensor abnormality detecting 
means operative to compare the output voltage from the water 
temperature sensor with a predetermined upper limit value and 
with a predetermined lower limit value so as to detect 
abnormality when the output voltage is out of a predetermined 
voltage range; timer means for counting time from engine start 
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to give a duration of engine rotation when the 
water- temperature -sensor abnormality is detected; and dummy- 
water temperature setting means for setting a dummy water 
temperature by increasing a predetermined reference value at 
a given rate and according to the duration of engine rotation. 
Brief Description of the Drawings 

Fig. 1 is a function block diagram showing an arrangement 
of the present device; Fig. 2 is a system diagram showing one 
embodiment of the device; Fig. 3 is a flow chart showing the 
contents of control; Fig. 4 is a diagram showing ranges of 
abnormality to be judged by a water temperature sensor; and 
Fig. 5 is a graphical representation of how to set a dummy water 
temperature. 

1: WATER TEMPERATURE SENSOR, 5:. MICRO COMPUTER ^ 
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Fig. 1 

7K?^'t>'i^; WATER TEMPERATURE SENSOR 

7K?a-fe >^i^^^^^t±i¥^^ : WATER-TEMPERATURE-SENSOR ABNORMALITY 
DETECTING MEANS 

I DURATION OF ENGINE ROTATION 
t+B##^: TIMER MEANS 

^f£i7K?l.ix::^#S: : DUMMY WATER TEMPERATURE SETTING MEANS 
Fig. 2 

5: MICRO COMPUTER 
FiG.4 

Us (D'SSL^ 5 5^13: EFFECTIVE RANGE OF Us VALUE 
FiG.5 

SiteiTKiS: DUMlVr^ WATER'' TEMPERATURE 

-bPSftt: UPPER LIMIT 

S2p>(it: REFERENCE VALUE 

WM: POWER SOURCE 

^^MIhI^^> : ENGINE IN ROTATION 

FiG.3 

SI: SENSOR OUTPUT Us 

S2: WITHIN PREDETERMINED RANGE? 

S4: POWER ON? 

S5: IN ROTATION? 

S7: TIMER TMl UP 

S8 : PREDETERMINED TIME ELAPSED? 
S9: CLEAR TIMER TMl 
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S12 : Tw' : UPPER LIMIT 

S13: Tw'*- UPPER LIMIT 

S14: TIMER TM2 UP 

S15: PREDETERMINED TIME ELAPSED? 

S16: CLEAR TIMER TM2 

S19: Tw' : LOWER LIMIT 

S20: Tw'«- LOWER LIMIT 



4 




THIS PAGE BUNK (USPTO) 



J P-U-6 1-099650 teaches a self-diagnosis and fail-safe apparatus for an engine 
coolant temperature detecting circuit. Each time coolant temperature is 
detected, a change of temperature in a unit time is calculated and compared with 
a reference value. If the calculated temperature change is abnormal, 
abnormality is indicated, and the previously detected temperature is used for 
various controls. 



jp-U-02-050043 teaches a coolant temperature sensor diagnosis apparatus. 
When a predetermined time passes after an engine is started, a coolant 
temperature is detected and compared with a reference temperature, which is 
predetermined as a lowest limit which the coolant temperature should attain. If 
the detected temperature is lower than the reference temperature, a coolant 
temperature sensor is determined as abnormal. 



jp-U-02-072343 teaches a coolant temperature detecting apparatus. When an 
engine coolant temperature is detected as being abnormal, the coolant 
temperature is estimated as increasing based on the time of operation of the 
engine after being started, and used in place of the detected temperature. 
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